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Past, Present, Future

* Part 1: Giovanni as Data Exploration Tool
* Part 2: Architecting for Data Exploration

* Part 3: The Future of Data Exploration in
Giovanni
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PART 1: GIOVANNI AS A DATA
EXPLORATION TOOL
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@ How Science Works

Question

Hypothesis

Analysis

Conclusion

Publication

http://giovanni.gsfc.nasa.gov



@/ How Science Works
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Not really...
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How Science Really Works

How science works

EXPLORATION
AND
DISCOVERY

COMMUNITY

BENEFITS

S ANﬁh\BSIS
OUTCOMES FEEDBACK

Understanding Science. 2013. University of California Museum of Paleontology. 17 Nov 2013
<http://www.understandingscience.org> o

© 2008 The University of California Museum of Paleontology, Berkeley, and the Regents of the University of California
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How Science Really Works

New technology Personal motivation

Making Asking

Practical problem
P observations questions

Serendipity

Curiosity Surprising observation

Sharing data
and ideas
EXPCORATION
| Anoﬁ.
DISCOVERY

Finding Exploring the
inspiration literature

Understanding Science. 2013. University of California Museum of Paleontology. 17 Nov 2013
<http://www.understandingscience.org>
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Remote Sensing Science

Search Tool #1, Search Tool #2,...

Exploratory Find FTP Data Products up to 1 GB
Data Analysi Download
Learn format HDF* or netCDF**
WHRITE CODE N Format API
Read
Subset g Files up to 800+ variables
Quality Filter ' More studying, coding
Summarize / Analyze ﬁ
. . | Locate, read, use geolocation info
Visualize /
Select Data
Main
Analysis Analyze
Phase Derive Conclusions
Publish

* Hierarchical Data Format ~ ** network Common Data Form GES — DISC
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Giovanni to the Rescue

Exploratory Find Web-based Services
Data Analysi Download . . . Find
Giovanni provides 0
Learn format . Fetch
WRITE CODE Quick-Start ()
= Reformat
Read Exploratory Data C<> $
. . Q Filter
Subset Analysis: = 3
Quality Filter no coding necessary =3 Regrid 3
Summarize / Analyze Summarize 8
Visualize
Select Data
\ETT Anal
Analysis nalyze
Phase Derive Conclusions
Publish

GES - DISC
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@ The Giovanni Legacy

Gregory Leptoukh Yoram Kaufman
1953-2012 1948-2006
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The Bridge Between Data and Science

Glovanni v 4.4 Release Notes Browser Compatibility Known Issues

Version 003 of SeaWiFS Deep Blue Level 3 variables are no longer available... [1 of 2 messages] Read More |

Select Plot Select Date Range (UTC) Select Region (Bounding Box)
Map ® Correlation Map Scatter Plot YYYY-MM-DD Format: West, South, East, North
Interactive Scatter Plot Time-Averaged Scatter Plot 1999-01 -01 | 00 fo -180, -50, 180, 50 @

Time Series Vertical Profile
1999-12-31% 23 [

Valid Range: 1997-12.01 to 2011-06-29

Select Variables
¥ Disciplines Number of matching Variables: 2 of 36 Total Variable(s) included in Plot: 2 I
Aerosols (25) Keyword : Search  Clear

Atmospheric Dynamics (6)
¥ Hydrology (2)
Water and Energy Cycle (9)

Aerosol Index (0)
Air Temperature (0)
Angstrom Exponent (0)

Variable Name Vertical Dimension Resolution |

Component Aerosol Optical Depth (0)
Latent Heat Flux (0)
Precipitation (2)

‘ Help H Reset H Clear H Feedback ’I Plot Data |

- — — e —— — - —
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Giovanni Capabilities

* Visualizations (many)

* Data Comparison

* Basic Analysis

* Data Download
 Reformatting to netCDF, KMZ
* Lineage
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Giovanni by the Numbers

Peer-reviewed Publications Acknowledging Giovanni
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 ~4000 variables from 5 EOSDIS data centers,
plus a few other data providers

e ~4000 unique hosts access per month

GES - DISC
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Reengineering Giovanni

1. Original architecture (Giovanni-3) was never
fully implemented

— Difficult to add major features

— Expensive to maintain
2. New technologies enable new capabilities
3. Giovanni 4 is designed to be more agile
4. Support for Data Exploration is emphasized
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Giovanni for Data Exploration

* Does the dataset show the phenomenon | am
studying?

* How does dataset X compare with dataset Y?
— Which one is better for my purpose?
— How do they relate to each other?

e “That’s funny...”*

* The most exciting phrase to hear in science, the
one that heralds the most discoveries, is not
‘Eureka!’” (I found it!) but 'That's funny...’

Isaac Asimov J—

-
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What do we need for exploration?

e Visuals
e Access to the full data record

* Navigation and interrogation methods for vast
quantities of data*

-X VY, Z T
— Data fields

* Analysis capabilities

* |Interactivity & quick response
— Not “What was | thinking?”

*aka “Big Data” o
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MODO8_D3 v51 Area-Averaged Time Series
2003-04-01 - 2003-05-31, Region 30W, 5N, 10W, 25N
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MODOS8_D3 v51 Area-Averaged Time Series
2003-04-01 - 2003-05-31, Region 30W, 5N, 10W, 25N
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Example: Exploring in Time and Space

Time Averaged Map 20-22 May

. WF/,\'[\ .

1 Apr 1 May
2003

http://giovanni.gsfc.nasa.gov

)| £
Time-Averaged Map (2003-05-20 - 2003-05-22)
Aerosol Optical Depth 550 nm (Dark Target), MCDIS-Terra, 1 x 1 deg. [MOD08_D3 v51]
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2-D
Color
Slice

1-D
Line
Plots

httezﬂgiovanni.gsfc.nasa.gov/

Visually Summarizing Data

[i]

Select Layer or Level

Longitude Latitude Vertical Time  Plot
v v [i] )2 Time-averaged map
)3 v )3 Longitude Cross-Section
)X v 4 )X Latitude Cross-Section
4 )3 [i] v Hovmoller (Longitude)
)3 4 [i] v Hovmoller (Latitude)
)3 )3 v v Vertical-Time Cross-Section
v )3 [i] 2 Meridional Mean
)3 4 [i] )3 Zonal Mean
)X )X 4 )X Vertical Profile
)3 )3 [i] v Area-averaged Time Series
4 Plot Axis
2 Aggregation (Summation, average, ...)

GES - DISC
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Comparing Data

Latitude Longitude Z Time Plot Type

4 4 ] >  Correlation Map

4 v i] >  Difference Map

> > i] v Difference Time Series

- -- i --  Scatterplot

(74 (74 i] -- Interactive Scatterplot+Map

(74 (74 [i] >  Time-averaged Scatterplot+Map

Goddard Earth Sciences
Data Information Services Center

http://giovanni.gsfc.nasa.gov



@ Comparing Data with Giovanni

Correlation Map: TRMM 3B42 V6 vs. V7, 1998-1999

Correlation for 1998-01-01 - 1999-12-31
1st Variable: Daily Rainfall Estimate from 3B42 V6, TRMM and other sources, 0.25 deg. [TRMM_3B42_daily 6)
2nd Variable: Daily Rainfall Estimate from 3B42 V7, TRMM and other sources, 0.25 deg. [TRMM_3B42_daily 7]

%"q’_“ .- &

Russia

Ld
Canada v e
anacda = .
; 1 A : - ¢ T L
L ] BB ey &"- -f i g J.. 3
o % kj
by | 5
vy F s I flale
“ -
) _I _f 1
e
.
' Y LI P ™ P T i i 7 ST R lex .o 2lind
SAEE - o = k : S T
B L PR TR A ¥ - WV LV S
.
WW .
Antagctica Antarctic
Antarctica

http://giovanni.gsfc.nasa.gov Data nformation Services Center



Interactivity via Client-side Viz

Time-Averaged Scatter Plot

Drag bounding box on plot to subset data

1998-01-01 - 1998-12-31
Latitude: 38.125 to 49.875
Longitude: -103.88 to -49.125
[— Regression: y = 0.715x + 2.64, R: 0.695, N: 9762 ]
12.5

(mm) (mm)

| Reset Map and Chart

Daily Rainfall Estimate from 3B42 V7,
TRMM and other sources, 0.25 deg. [TRMM_3B42_daily v7]

0 1 2 3 4 5 6 7 8 9

Daily Rainfall Estimate from 3B42 V6, TRMM

and other sources, 0.25 deg. [TRMM_3B42_daily v6] (mm) (mm)
Highcharts.com

http://giovanni.gsfc.nasa.gov Data Information Services Conter



Time-Averaged Scatter Plot

Interactivity via Client-side Viz

Drag bounding box on plot to subset data

Daily Rainfall Estimate from 3B42 V7,
TRMM and other sources, 0.25 deg. [TRMM_3B42_daily v7]

(mm) (mm)

10

7.5

2.5

1998-01-01 - 1998-12-31

Latitude: 38.125 to 49.875
Longitude: -103.88 to -49.125

[— Regression: y = -3.53x + 3.46, R: 0.206, N: 2165}

-0.05 0 0.05

Daily Rainfall Estimate from 3B42 V6, TRMM

0.1

and other sources, 0.25 deg. [TRMM_3B42_daily v6] (mm) (mm)

0.2

Highcharts.com

http://giovanni.gsfc.nasa.gov

Drag bounding box on map to subset data

Canada

Canada

DT

United States

Lon: -96.0121

Cursor

I Reset Map and Chartl

Lat: 49.3218

Goddard Earth Sciences
Data Information Services Center



Speed: Breaking the Coffee Barrier

1 Year of MODIS L3 Daily Aerosol data in today’s Giovanni-3:

http:/ /gdatal.sci.gsfc.nasa.gov

The date range you entered covers more than one
year, but at least one parameter in your query has a
small time interval (i.e., it is repeated daily, hourly,
minutely, etc.). This could result in a great many data
being returned in the query (and could take more than
a few minutes). Are you sure you want to submit this
large query?

( Cancel ) ( oK )

o

GES - DISC
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Speed: Breaking the Coffee Barrier

1 Year of MODIS L3 Daily Aerosol data in today’s Giovanni-3:

http:/ /gdatal.sci.gsfc.nasa.gov

The date range you entered covers more than one
year, but at least one parameter in your query has a
small time interval (i.e., it is repeated daily, hourly,

http:/ /gdatal.sci.gsfc.nasa.gov

Ok. Go grab some coffee.




Time to Plot Time Series of MODIS Daily Aerosols

G3-G4 Comparison: Area-averaged Time Series

3000 W G3
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Time to Plot Time Series of MODIS Daily Aerosols

G3-G4 Comparison: Area-averaged Time Series
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Time to Plot Time Series of MODIS Daily Aerosols

G3-G4 Comparison: Area-averaged Time Series
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PART Il = ARCHITECTING FOR
EXPLORATION
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Giovanni-4 Architecture

Web User
Interface
YUI|

info about
variables

AESIR*

database
Apache Solr

*Application-friendly Earth Science
Information Retriever

GES - DISC
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@ Giovanni-4 Architecture

REST-ish URL

> .
Web User e service
Interface manager
YUI
info about
variables

AESIR*

database
Apache Solr

GES - DISC
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@/ Giovanni-4 Architecture

REST-ish URL
Web User e service
Interface manager
YUI
info about
variables
\V4
query
info about search
AESIR* variables fetch subset
database prep
Apache Solr regrid
run

GES - DISC
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Giovanni-4 Architecture

REST-ish URL
Web User service
Interface status manager
Yul image / data

info about -

variables v OpenSearch Data
query Catalog
info about search
AESIR* variables fetch subset
database prep OPeNDAP data
Apache Solr regrid

GES - DISC

http://giovanni.gsfc.nasa.gov/ ) oo B e



Performance Approach

* Cache: Preprocess data and save in cache
e Fast code: Use nco for processing (Run)

e Lazy subsetting: Defer spatial subsetting until
processing

e Results Reuse: Reuse intermediate results
from previous runs

* Reuse Corollary: Rerun as few steps as
necessary based on user selection

_
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@ Reused Components for Exploration

YUl Web widgets, Solr  Faceted browse Navigating many
Database variables
nco Processing netCDF Fast
data
HighCharts Browser-side Interactive plots
plotting
MapServer, Map visualization Zoom / Pan
Openlayers
Kepler Workflow engine
GES - DISC

Goddard Earth Sciences
Data Information Services Center
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Reused Components for Exploration

YUl Web widgets, Solr  Faceted browse Navigating many
Database variables
nco Processing netCDF Fast
data
HighCharts Browser-side Interactive plots
plotting
MapServer, Map visualization Zoom / Pan
Openlayers
kepler Workflow engine

Lesson: Performance is the Achilles Heel of Reuse

GES - DISC

http://giovanni.gsfc.nasa.gov/ ) oo B e



Giovanni Workflow Engine Needs

* Run reliably
* Run fast

* Run minimally (backward chaining)

—Go only as far back as absolutely needed in
the workflow to restart a subsequent
request

— Driven by the iterative nature of the data
exploration Use Case

_ e
GES - DISC
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Tapping an Ancient Computing Technology...

GES - DISC
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Nope, too far back...
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Right millenium...
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Here we go...

LOCAL USER COMMANDS

make - GNU make utility to maintain groups of programs

SYNOPSIS
make [ -f makefile ] [ options ]

* Runs fast, reliably

* Simple parallelization

* Simple load throttling

* The Last Word in Backward Chaining

_
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PART Illl - THE FUTURE OF DATA
EXPLORATION WITH GIOVANNI
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Potential directions

* Interactivity++

* Speed++

* Domain-Specific
— Seasonal analysis

— Level 2 Swath data
— Shapefile masking

e Participatory Design (myGiovanni)
* Collaboration with gSocial
* Feature Detection

e Federated Giovanni =

GES - DISC

. H : Goddard Earth Sciences
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Interactivity++

* More client-side viz.?

* Slider-comparison maps?

e Use Giovanni results as input to subsequent
workflows?

_
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Speed++

* Coarse-grained parallelism with make
* Cloud deployment of Giovanni
* MapReduce processing?

GES - DISC
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@ Domain-Specific Features

* Seasonal / Recurring-monthly analysis

TRMM 3B43 Monthly Maps for 1998-2012
February

January

http://giovanni.gsfc.nasa.gov Data Information Services Conter



@ Domain-Specific Features

* Seasonal / Recurring-monthly analysis

* Shapefile masking
— Area-average calculations

Average Monthly Precipitation Rate from TRMM 3B43

04
—==Nevada

===Maryland

WA

@&&PQ&&\& \\\@@@Q\"\

03

GES - DISC
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Domain-Specific Features

* Seasonal / Recurring-monthly analysis
e Shapefile masking

— Area-average calculations
e Drill-down to Level 2 orbit/swath data?

* Contextual annotations

— "The difference between V6 and V7 of TRMM 3B42 for
40-50 N and S during 1998-Feb. 2000 is that V6 results are
based on the occasional microwave overpass, while V7 has
both microwave and IR."

_
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@ Participatory Design in myGiovanni

my portal

http:

—
GES DISC

>
=

R other data
GETE center

analyze
data

visualize

R . Goddard Earth Sci
iovanni.gsfc.nasa.gov Data Inforr:atigz Se?vicescg::tz:



@ Participatory Design in myGiovanni

my portal

—
GES DISC

>
=

other data
center

mas
data

analyze
data

‘ ‘ my palette

visualize

http:

Goddard Earth Sciences
Data Information Services Center
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@ Participatory Design in myGiovanni

my portal

my mask

mask
data

analyze
data

http://giovanni.gsfc.nasa.gov

visualize

—
GES DISC

T
=
other data

center
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@ Participatory Design in myGiovanni

‘ my portal

—
B my data Y GES DISC

>
=

R other data
SELE center

. my mask

analyze
data

‘ ‘ my palette

visualize
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@ Participatory Design in myGiovanni

my portal

my data

GES DISC

my mask

(-
other data

mas

. my algorithm

analyze

data

‘ ‘ my palette

visualize

http:

Goddard Earth Sciences
Data Information Services Center

iovanni.gsfc.nasa.gov



New technology

Making Asking

Practical problem
P observations questions

Curiosity

Sharing data
and ideas

Finding Exploring the
inspiration literature

htte:Mgiovanni.gsfc.nasa.gov/

Collaboration in Exploration

Personal motivation
Serendipity

Surprising observation

EXRCORATION
| AND |
DISCOVERY

GES - DISC
Goddard Earth Sciences
Data Information Services Center



Collaboration with gSocial

AOD at Kanpur
| Oll Jan 20011 to 10 Feb 2010 :
y | 1 21 1 1 1 'l Il ] | 1 1 1 4 | 1 1 4 I l-’lr
3.0 - ' -
§ 2.5 . -
8 ] i
E = -
g. 2.0 5
Y | i
L 1.5 - -
5 :
< 1.0 _ Cancel =
) i Your name: :
i clynnes i
0.5 7 Comment: —
i Explanation for this $ i
bifurcation? Does not Q v
0.5 { |appear in seasonal plot. p 0
AERON Web page addresses and e-mail
addresses turn into links
automatically.
. AERONET L2 ¢ al >= 2)

Allossimad LITRAAL b ouoms won’s o

...... e e - -y
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Feature Detection

* Data exceeding a given threshold?
— E.g., rain rate
— Giovanni configuration value

— User specified value
* Data patterns detected?
— e.g., Cyclonic
— User-contributed algorithms

_
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Federated Giovanni

Enlist other data and algorithm providers
Add / share data
Add / share algorithms

Add / share Giovanni enhancements

Giovanni #1 | Giovanni #2

Giovanni #3

GES - DISC
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